Objective: To examine joint associations of coffee consumption and other factors (including physical activity, obesity and alcohol consumption) with the risk of type 2 diabetes. Design: Prospective follow-up study. Subjects: In all, 10 188 Finnish men and 11 197 women aged 35-74 years without a history of stroke, coronary heart disease or diabetes at baseline. Measurement: A self-administered questionnaire data on coffee, tea, alcohol and other food consumption, physical activity, smoking, socio-economic factors and medical history, together with measured height, weight and blood pressure using standardized protocol. Results: During a mean follow-up of 13.4 years, there were 964 incident cases of type 2 diabetes. Multivariate-adjusted (age, study year, systolic blood pressure, education, smoking, physical activity, body mass index (BMI) and fruit, vegetable, sausage, bread, alcohol and tea consumption) hazard ratio of type 2 diabetes in participants who drank 0-2, 3-6 and X7 cups of coffee were 1.00, 0.77 and 0.66 (P ¼ 0.022 for trend) in men, 1.00, 0.71 and 0.52 (P ¼ 0.001 for trend) in women, and 1.00, 0.75 and 0.61 (Po0.001 for trend) in men and women combined (adjusted also for sex), respectively. This inverse association was consistent in subjects with any joint levels of physical activity and BMI, and in alcohol drinkers and non-drinkers. Among obese and inactive people, coffee drinking of seven cups or more daily reduced the risk of type 2 diabetes to half. Conclusions: Coffee drinking was associated with a reduced risk of type 2 diabetes in both men and women, and this association was observed regardless of the levels of physical activity, BMI and alcohol consumption.
Introduction
Coffee, one of the most consumed beverages in the world, has been found to have an inverse association with the risk of type 2 diabetes in recent years in some, [1] [2] [3] [4] [5] [6] but not all 7, 8 prospective studies. Several other factors, such as sedentary lifestyle, obesity and weight gain and alcohol consumption are also associated with the risk of type 2 diabetes. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] However, few of previous studies have examined the joint association of coffee consumption and other factors (including physical activity, body mass index (BMI) and alcohol consumption) with the risk for type 2 diabetes. In our previous study, we have shown an inverse and graded association between coffee consumption and the risk of type 2 diabetes among the Finnish population; however, the significant association was stronger in women than in men. 4 Research into potential health effects of coffee in this population is of particular interest as Finns have the highest per capita coffee consumption (11.4 kg/year) in the world. 20 Our previous study included relatively small samples and short follow-up period and did not allow for the examination of the joint association of all these factors.
In the present study, we have included one new survey (the 1997 cohort), and also the follow-up time is extended for further 6 years for all cohorts, and double incident diabetes cases are identified. Thus, the aim of the present study is to examine joint associations of coffee consumption and other factors with the risk of type 2 diabetes in a large prospective cohort.
Subjects and methods

Subjects
We carried out baseline surveys in two eastern Finnish provinces, North Karelia and Kuopio, and in the TurkuLoimaa region in southwestern Finland in 1982 Finland in , 1987 Finland in , 1992 and 1997. 21 The survey was expanded to the Helsinki capital area in 1992 and northern province of Oulu in 1997. The original random sample was stratified by area, gender and 10-year age group according to the WHO MONICA (MONItoring trends and determinants of CArdiovascular disease) protocol. 22, 23 All four surveys included the age group of 25-64 years, and in the 1997 survey the age group of 65-74 years was also included. Subjects who participated in more than one survey are included only in the first survey cohort.
The total sample size of the four surveys was 29 890. The participation rate varied by year from 74 to 88%. 21 Our analysis includes participants of 35-74 years of age (23 342 subjects) because of the very few cases of type 2 diabetes in subjects 25-34 years of age during the follow-up. The final sample comprised 10 188 men and 11 197 women after excluding subjects diagnosed with coronary heart disease or stroke (n ¼ 1122), subjects with known diabetes at baseline (n ¼ 686), subjects with type 1 diabetes at baseline or during follow-up (n ¼ 32), and subjects with incomplete data on any variables required for this analysis (n ¼ 117). The participants gave an informed consent (verbal 1982-1992 and signed 1997). These surveys were conducted according to the ethical rules of the National Public Health Institute and the investigations were carried out in accordance with the Declaration of Helsinki.
Measurements
A self-administered questionnaire was sent to the participants to be completed at home. The questionnaire included questions on medical history, socioeconomic factors, smoking habits, physical activity and dietary habits. Education level, measured as the total number of school years, was divided into birth cohort-specific tertiles. Based on the responses, the participants were classified as never, ex-and current-smokers. Current smokers were categorized into those who smoked o20, or X20 cigarettes/day. Physical activity included occupational, commuting and leisure time physical activity. A detailed description of the questions has been presented elsewhere. 13, 14, [24] [25] [26] [27] [28] [29] [30] [31] In addition, the physical activity questions have been successfully used elsewhere, showing a high correlation with physical fitness, as measured by maximal oxygen uptake. 32 The subjects reported their occupational physical activity according to the following three categories: low, moderate and high. The daily commuting return journey to work was grouped into three categories: (i) using motorized transportation, or not working outside home (0 min of walking or cycling); (ii) walking or bicycling 1-29 min; (iii) walking or bicycling for more than 30 min. Self-reported leisure time physical activity was classified into three categories: low, moderate and high. As our previous study has shown that moderate and high occupational, commuting or leisure time physical activity independently and significantly reduces risk of type 2 diabetes, 13 physical activity were merged and regrouped into three categories: (i) low was defined as subjects who reported low levels of occupational, commuting (o30 min) and leisure time physical activity; (ii) moderate was defined as subjects who reported only one of the all three kinds of moderate to high physical activity; (iii) high was defined as subjects who reported two or three kinds of moderate to high physical activity. The subjects' diet and food choices were assessed by two types of questions. 33 First, the amount of food consumed daily was assessed (e.g., 'How many slices of bread, and cups of coffee or tea do you have per day (1 cup of coffee equal to 1 deciliter; 1 cup of tea equal to 2 deciliter)?'). 4 Coffee consumption was categorized into three categories: 0-2, 3-6 and X7 cups. Tea consumption was categorized into three categories: none, 1-2 and X3 as only a few people were drinking tea. Second, the frequency of consumption of vegetables and fruits over the last week (o1 time/week, 1-2, 3-5, 6-7 times/week), and the frequency of consumption of sausages over the past 12 months (o1 time/month, 1-2 times/month, 1 time/week, 2 times/week, almost daily, 41 time/day) were inquired. Alcohol consumption was categorized into three groups: none, 1-100 and 4100 g per week.
At the study site, specially trained nurses measured height, weight and blood pressure using the standardized protocol according to the WHO MONICA project. 23 Blood pressure was measured from the right arm of the participant who was seated for 5 min before the measurement using a standard sphygmomanometer. Weight was measured in light clothing and height without shoes. Body mass index was calculated as weight in kilograms divided by the square of the height in meters.
Diagnosis of diabetes
We ascertained incident cases of diabetes from the National Hospital Discharge Register and the National Social Insurance Institution's Drug Register. These register data were linked to the risk factor survey data with the unique personal identification numbers assigned to every resident of Finland. Antidiabetic drugs prescribed by a physician are free of charge in Finland subject to approval of the application to the Social Insurance Institution with a case history prepared by the treating physician attached. The diagnosis of diabetes is confirmed on the basis of the World Health Organization criteria: one or more classic symptoms plus a fasting plasma glucose level X7.8 mmol/l (X7.0 mmol/l from 1998) or the oral glucose tolerance test X11.1 mmol/l; at least 1 raised variables between men and women and between subjects with different levels of coffee consumption. The Cox proportional hazard models were used to estimate single and joint effects of coffee consumption, and physical activity, BMI and alcohol consumption on the risk of type 2 diabetes. The multivariate models included age, study year, systolic blood pressure, education, smoking, frequency of vegetable, fruit and sausage consumption, bread consumption, tea and alcohol drinking, physical activity, BMI and coffee consumption. In stratified analyses, the subjects were classified according to physical activity (low, moderate or high), BMI (o25.0, 25-29.9 and X30 kg/m 2 ) and alcohol consumption (yes and no). As the interactions between sex and each of coffee consumption, physical activity, BMI and alcohol consumption on risk of diabetes were not statistically significant, men and women were combined in some analyses. Statistical significance was considered to be Po0.05. All statistical analyses were performed with SPSS for Windows 12.0 (SPSS Inc., Chicago, IL, USA).
Results
A total of 964 cases of type 2 diabetes were identified during a mean follow-up period of 13.4 years. General characteristics of the study population at baseline are given in Table 1 . In general, older persons were less likely to drink coffee (Table 2) . Coffee consumption had a direct association with bread consumption and current smoking in both sexes. Coffee drinking had an inverse association with blood pressure, education, low physical activity, tea drinking, alcohol consumption, daily consumption of vegetable and fruits in both sexes. Multivariate-adjusted (age, study year, systolic blood pressure, education, smoking, physical activity, BMI, and fruit, vegetable, sausage, bread, alcohol and tea consumption) hazard ratios of type 2 diabetes in participants who drank 0-2, 3-6 and X7 cups of coffee were 1.00, 0.77 and 0.66 (P ¼ 0.022 for trend) in men, and 1.00, 0.71, and 0.52 (P ¼ 0.001 for trend) in women, respectively (Table 3) . When both sexes were combined, sex-and multivariate-adjusted hazard ratios were 1.00, 0.75 and 0.61 (Po0.001 for trend), respectively. When coffee consumption was examined as a continuous variable, multivariate-adjusted hazard ratios of type 2 diabetes associated with an increment of one cup of coffee per day were 0.97 (95% confidence interval (CI): 0.94-1.00; P ¼ 0.047) in men, 0.91 (95% CI: 0.87-0.95; Po0.001) in women, and 0.95 (95% CI: 0.92-0.97; Po0.001) in both sexes combined. Multivariate-adjusted hazard ratios of type 2 diabetes decreased significantly with increasing physical activity. The hazard ratios of type 2 diabetes associated with low, moderate and high physical activity were 1.00, 0.62 and 0.50 (Po0.001 for trend) in men, and 1.00, 0.80 and 0.65 (P ¼ 0.009 for trend) in women, respectively. Multivariate- (Po0.001 for trend) in men, and 1.00, 2.78 and 9.59 (Po0.001 for trend) in women, respectively. Multivariateadjusted hazard ratios of type 2 diabetes in participants who drank 0, 1-100 and 4100 g of alcohol per week were 1.00, 0.91 and 0.74 (P ¼ 0.064 for trend) in men, and 1.00, 0.74 and 0.23 (P ¼ 0.004 for trend) in women, respectively. When both sexes were combined, the positive association of BMI and the protective effects of physical activity and alcohol consumption were still significant (all Po0.01 for trend) after further adjustment for sex. No significant association between tea consumption and the risk of type 2 diabetes was found. In multivariate analyses after adjustment for other confounding factors, we estimated joint effects of coffee consumption and any one of physical activity (Figure 1a) , BMI ( Figure 1b ) and alcohol consumption (Figure 1c ) on the risk of type 2 diabetes. The inverse association between coffee consumption and the risk of diabetes was found in the subjects at different levels of physical activity (low, moderate and high), in subjects at different levels of BMI (normal weight o25, overweight 25-29.9 and obese X30 kg/m 2 ), and in alcohol drinkers and non-drinkers. The joint association of coffee consumption, physical activity and BMI with the risk of type 2 diabetes is shown in Figure 2 . After adjustment for age, study year, sex, systolic blood pressure, education, smoking and fruit, vegetable, sausage, bread, alcohol and tea consumption. Coffee drinking reduced the risk of type 2 diabetes at any levels of physical activity and BMI; the direct association of BMI and the protective effect of physical activity on the risk of type 2 diabetes were also found at different levels of coffee consumption. In comparison with non-obese persons who reported moderate or high level of physical activity and drank at least seven cups of coffee daily, obese subjects who reported low level of physical activity and drank less than two cups of coffee showed about 11 times higher risk for the 
Discussion
Our previous analysis have shown an inverse and graded association between coffee consumption and risk of type 2 diabetes among the Finnish population. 4 In the present analysis, we expanded the previous finding and addressed the joint association of coffee consumption and other factors, including physical activity, BMI and alcohol consumption, with regard to the risk of type 2 diabetes. The inverse and graded association between coffee consumption and the risk of type 2 diabetes was consistent in both men and women, in the subjects with any joint levels of physical activity and BMI, and in alcohol drinkers and non-drinkers. Particularly interesting was the finding that among obese and inactive people, coffee consumption halved the risk of type 2 diabetes. The inverse and graded association between coffee consumption and the risk of type 2 diabetes have been found in Dutch, 1 Swedish, 2 American, 3 Finnish twins 5 and our previous 4 cohort studies. Several major differences between the present study and our previous analysis 4 are that in the present study, we have included one new survey (the 1997 cohort) of 5996 samples. Also, the follow-up time is longer in the present analysis for all cohorts, and double incident diabetes cases are identified. Third, the significantly inverse association between coffee consumption and the risk of type 2 diabetes was confirmed in Finnish men and women separately. However, in our previous cohort the significant association was stronger in women than in men. 4 Fourth, the present study showed that coffee consumption reduces the risk of diabetes at any level of physical activity and BMI. Alcohol consumption has been found to be associated with the risk of type 2 diabetes in some epidemiological studies. Coffee, other factors and diabetes G Hu et al
Moderate alcohol consumption appears to be associated with a reduced risk for diabetes, whereas some evidence suggest that heavy alcohol consumption may be associated with an increased risk. 18 Therefore, the protective effect of coffee consumption on the risk of diabetes may be influenced by alcohol consumption. However, the present study indicated that the inverse association between coffee consumption and the risk of type 2 diabetes was persist in alcohol drinkers and non-drinkers. The possible association between coffee drinking and diabetes risk seems to be complex. Increased insulin resistance in peripheral tissues after caffeine exposure has been reported. 36 However, the thermogenic effect of caffeine through upregulation of uncoupling protein family may overcome the energy imbalance accompanied by unfavorable lifestyle and improve glucose homoeostasis. 37 In addition, coffee contains many other agents besides caffeine that may also have metabolic effects. For instance, coffee has a relatively high concentration of magnesium, which is known to improve insulin sensitivity in peripheral tissues and reduce the risk of type 2 diabetes. 38 Coffee has various effects in gastric tract: it seems to reduce the activity of a-glucosidase enzyme, the key enzyme for the absorption of glucose for the intestine; 39 in addition, coffee may influence the accretion of gastrointestinal peptides such as glucagon-like-peptide and gastric inhibitory polypeptide, both of them are known for their glucose lowering effects. 40, 41 One limitation of our study was that a glucose tolerance test was not performed in the baseline and follow-up surveys. Therefore, we could have missed some cases of asymptomatic and diet-treated diabetes, although the clinical diagnosis of diabetes from the hospital discharge register may in part avoid this potential under diagnosis. Another In conclusion, the present study confirmed that coffee drinking was associated with a reduced risk of type 2 diabetes in both Finnish men and women, and this association was observed regardless of the levels of physical activity, BMI and alcohol consumption. Among obese and inactive people coffee drinking seven cups or more daily halved the risk of type 2 diabetes. However, even coffee drinking seems independently to be related to a decreased risk of type 2 diabetes, regular physical activity, avoiding unhealthy weight gain and a healthy diet are still the major ways to prevent type 2 diabetes.
